RESUMO: "Atividade antioxidante de extrato de plantas da flora Colombiana". Neste estudo a atividade antioxidante de quarenta e seis extratos metanólicos de plantas das famílias botânicas Asteraceae, Euphorbiaceae, Melastomataceae, Rubiaceae e Solanaceae, coletadas no Parque Regional Natural Ucumarí (PRNU, Risaralda, Colômbia), foi determinada usando o ensaio de captação de radical livre de 1,1 difenil-2-picrilhidrazil (DPPH 
INTRODUCTION
Organisms are exposed over their life span to the effects of exogenous oxidizing agents from environmental pollutants, life style and to endogenous ones produced by metabolism. Chemical entities that act as oxidizing agents contain reactive oxygen species (ROS), namely superoxide anion (O 2
•-), hydroxyl (HO • ), and peroxyl (ROO • ) radicals, or reactive nitrogen species (RNS), which include agents like peroxynitrite anion (ONOO -) and nitric oxide (NO • ) radical, among other; in addition, there are non-free radical species such as hydrogen peroxide (HOOH), nitric oxide (NO) and hypochlorous acid (HClO) which also behave like oxidizing agents (Golden et al., 2002) .
Numerous previous studies have shown that ROS and RNS agents cause lipid peroxidation, proteinprotein cross linking, oxidation of polypeptide backbones producing structural brittle proteins, DNA single-strand breaks, DNA intra-strand adducts, DNA-protein crosslinks (van Houten et al., 2006; Pelicano et al., 2004) .
All these processes can cause indiscriminate alterations related to the pathogenesis of serious conditions, such as aging, atherosclerosis, cataracts, chronic inflammation; as well as, diabetes mellitus, cancers, cardiovascular disorders, liver and neurodegenerative diseases (Pelicano et al., 2004; Gonçalves et al., 2005; Kim et al., 2003; Lim and Murtijaya, 2007) .
Antioxidants have been used in the food industry to prolong the shelf life of foods, specially those rich in polyunsaturated fats, due to the lipids peroxidation. As a consequence increases food deterioration, discoloration, and nutritional losses, among others. In order to stop these deterioration processes the addition of synthetic antioxidants named butylated hydroxyanisole (BHA), butylated hydroxytoluene (BHT), tertiary butylhydroquinone, and propyl-gallate has been widely used industrially. Nevertheless, the incorporation of these synthetic antioxidants in food preparations has been questioned due to their potential health risks and toxicity (Wong et al., 2006) .
Some examples of plants that have been
Antioxidant activity of plant extracts from Colombian flora exhaustively studied in the few last years for their antioxidant and radical scavenging activities and that belong to the same botanical families selected for this work are: the crude extract, fractions and pure compounds from Chimarrhis turbinata (Rubiaceae) (Cardoso et al., 2005) and the crude extract of Baccharis grisebachi (Asteraceae), both species displayed strong free radical scavenging activity attributed to their flavonoid constituents (Tapia et al., 2004) ; in addition, the antioxidant activity from the crude extracts and fractions from Tagetes maxima and Mikania psilostachya among nine Bolivian plants belonging to the Asteraceae family were attributed to the phenolic compounds present on these two bioactive species studied (Parejo et al., 2005) . Furthermore, Withania somnifera L. Dunal (Solanaceae) contains withanolides which can explain its antioxidant effects (Scartezzini and Speroni, 2000) .
In addition, in a study with 32 methanolic extracts, from Brazilian Caatinga plants, which included several families studied in this work, through DPPH radical scavenging assay showed that the species Diodia apicualta (IC 50 = 1.3 mg/L, Rubiaceae) displayed good antioxidant activity, followed by Nicandra physaloides (IC 50 = 4.2 mg/L, Solanaceae) and by Croton moritibensis (IC 50 = 5.5 mg/L, Euphorbiaceae) (David et al., 2007) .
The fact that tropical plants produce high levels of antioxidant compounds to tolerate ultraviolet radiation, the beneficial and protecting effects of these compounds in health and diseases management, and the needs of diminishing the incorporation of synthetic antioxidants to promote the use of natural ones in commercial food and cosmetic preparations, prompted us to search 46 methanol plant extracts from five botanical families collected at Regional Natural Park Ucumarí (RNPU, Colombia) for their antioxidant activity.
MATERIAL AND METHODS
The solvent hexane, dichloromethane and methanol (analytical grade) were purchased from Mallinckrodt (Phillipsburg, NJ, USA), 1,1-diphenyl-2-picrylhydrazyl (DPPH) and hydroquinone were obtained from Sigma (St. Louis, MO, USA). Silica gel plates (60 F254 0.2 mm) were purchased from Merck (Darmstadt, Germany). A Spectronic Genesys 5 UV-VIS spectrophotometer Milton Roy (Rochester, NY, USA) was used for all determinations.
Plant collection and extract preparation
Plants from the selected families were collected at random at different zones from the Regional Natural Park Ucumarí (RNPU) located in Risaralda, Colombia. It has an extension of 4,240 hectares, and it is located on the west flank of the Andean Central Mountain Chain, it is constituted by a high percentage of secondary forests; it has an average temperature of 15 ºC and a pluvial precipitation of 2,780 mm/year and an altitudinal range from 1,850 to 2,650 meters above sea level (Galeano and Bernal, 1993) .
Plants were collected on February 2000 and October 2001 and were classified by Dr F. J. Roldán and are listed in Table 1 . A voucher specimen for each plant was deposited at the University of Antioquia Herbarium (Medellín, Colombia). The aerial plant materials were oven-dried at 50 ºC, ground and extracted by 48-h maceration three times successively with the following solvents: hexane, dichloromethane and methanol, all at room temperature. Then, the different extracts were concentrated at reduced pressure to dryness and stored at -10 ºC until assayed (Niño et al., 2006) .
Phytochemical analysis
For each methanol plant extract a phytochemical screening was performed testing the presence of secondary metabolites by using TLC. For the TLC analysis of the methanol extracts the solvent system chloroform-ethyl acetate-methanol (2:2:1) was used. After the development in the solvent system the plates were dried and sprayed with: Dragendorff´s, anisaldehyde-sulphuric acid, 1% vanillin in sulphuric acid-ethanol, 1% ferric chloride, 2% aluminium chloride in ethanol and hydroxylamine-ferric chloride for detection of alkaloids, sterols, saponins, tannins, flavonoids and lactones/esters, respectively (Harborne, 1980) . All determinations were done in duplicate.
Antioxidant activity assay for DPPH free radical scavenging activity
The antioxidant activity of the 46 methanol extracts was evaluated spectrophotometrically following the DPPH method described by Brand-Williams et al., (1995) . Each plant extract was evaluated at 100 mg/L, by mixing 0.75 mL of them with 1.5 mL of a freshly prepared DPPH solution (20 mg/L); then, each particular sample was mixed thoroughly and kept in the dark for 30 minutes, at room temperature. After that, each mixture was tested for the DPPH radical-scavenging activity by reading the absorbance at 517 nm on a UV-VIS spectrophotometer. As blank was used a solution prepared by mixing 0.75 mL of ultra pure water with 1.5 mL of the DPPH solution (20 mg/L) and reading at the same wavelength. In addition, to eliminate the absorbance of the crude extracts at this wavelength, blank samples were prepared with 0.75 mL of each extract and 1.5 mL of methanol. The antioxidant activity percentage was calculated following the formula:
Where AControl is the absorbance of a DPPH solution without extract, AExtract is the absorbance of the tested extract, which is equal to the absorbance of the plant extract plus the DPPH (20 mg/L) minus the blank extract absorbance (Ribeiro et al., 2005) . As positive control hydroquinone at 100 mg/L was used. The samples were run in triplicate and the mean value of three of them was recorded.
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RESULTS AND DISCUSSION
In this study the effect on the free radical scavenging ability was determined trough the DPPH assay because it is one of the most effective, reactive, reliable, simple and reproducible in vitro method for evaluating this important activity of single compounds as well as plant extracts (Kŏleva et al., 2002; Katalinic et al., 2006; Vicentino and Menezes, 2007; Balestrin et al., 2008) .
The percentages of antioxidant activity are shown in Table I . Only seventeen (37%) methanol extracts studied displayed a percentage of antioxidant activity equal or higher than 25%, which was considered significant, based on the facts that methanol extracts are complex matrices. The most effective families studied for their antioxidant activity were the Euphorbiaceae with 7 active out of 9 methanol extracts analyzed, followed by the Melastomataceae with 3 out of 5 and the Solanaceae family with 3 out of 17, among others.
The highest antioxidant activity among the analyzed plant extracts were shown by Phyllanthus sp. (54.0%, Euphorbiaceae), followed by the two species included in the Melastomataceae family Tibouchina grossa (47.0%) and Miconia lehmannii Cogn. (45.3%), and Lycianthes radiata (41.4%, Solanaceae). This is the first report on the antioxidant activity of these species.
It should be noted that compared to the positive control, the antioxidant activity of Phyllanthus sp. was 1.5 times stronger than hydroquinone, this result is in agreement with those of Phyllanthus debilis that showed the strongest antioxidant activity among five Phyllanthus species studied (Kumaran and Karunakaran 2006) . In this work Phyllanthus niruri L. (Euphorbiaceae) showed a weak antioxidant activity attributed to the presence of tannins and flavonoides. On the contrary, P. niruri showed good in vitro as well as in vivo antioxidant activity and it is considered a powerful oxygen radical scavenger, attributed to the presence of flavonoids, polyphenols, tannins, and lignans (Harish and Shivanandappa, 2006) . Furthermore, Phyllanthus emblica L. has strong antioxidant activity attributed to hydrolysable tannins (Scartezzini and Speroni, 2000) and Acalypha indica L. (Euphorbiaceae) exhibited 81.6% of antioxidant activity evaluated through the DPPH assay (Marwah et al., 2007) .
In this study, the results of the antioxidant activity on the species belonging to the Melastomataceae family correlate with previous studies with species belonging to others genera of this family; for instance, from Mouriri pusa has been isolated several flavonoids and tannins to which are attributed the antioxidant activity of this species (Andreo et al., 2006) .
In this work Mikania leiostachya showed weak free radical (DPPH) scavenging activity. However, in a screening from natural plant resources from Brazil showed that Mikania psilostachya (Asteraceae), belonging to the same genuns Mikania, displayed strong free radical (DPPH) scavenging activity (IC50 = 8.3) (Parejo et al., 2003) .
The high antioxidant activity percentages of the methanol extracts from Phyllanthus sp., T. grossa and M. lehmannii Cogn. could be attributed to the presence of tannins; while in L. radiata extract could be owed to its flavonoid constituents, as was evidenced by the phytochemical screening, see Table I . These results are in agreement with the statement of Opoku et al.,
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Dunal (FJR3717) Mahakunakorn et al., (2004) , and Katalinic et al., (2006) , in the way that many phenolic compounds, widely distributed in the plant kingdom, behave as reducing agents with antioxidant and free radicalscavenging activities.
Flavonoids commonly occur as glycosides in plants. Phenols and polyphenols exert their protective effects through diverse mechanism such as blocking, interfering or suppressing the activities of enzymes involved in reactive oxygen species generation, quenching free radicals, chelating transition metals to render inactive species (Wong et al., 2006) .
In conclusion, the free radical-scavenging activities for 46 plant extracts were evaluated by using the 1,1-diphenyl-2-picrylhydrazyl (DPPH) method, providing to be effective for the selection of four species with strong antioxidant activities with potential use in food, cosmetics and medicinal preparations. Further studies on the Phyllanthus sp, T. grossa, M. lehmannii and L. radiata methanolic extracts are required to isolate and identify the secondary metabolites responsible for their antioxidant activity.
